The aim of this paper is to assess the success of the Spanish technology policy instrument 'proyectos concertados' (co-operative projects which receive public financing) in the stimulation of co-operation between firms and public research centres (PRCs). The paper analyses the factors which explain the different impact of this aid in relation to: a) whether or not the public intervention has contributed to getting a project carried out co-operatively which would otherwise have been carried out by the firm alone; b) whether or not the firms which have carried out proyectos concertados intend to continue to co-operate with the participant PRCs. The information used corresponds to the opinion of the firm which undertakes the proyecto concertado. The authors are grateful to Olga Rodríguez and an anonymous referee for useful comments and suggestions. Information contained in this paper has been obtained thanks to the collaboration of the Centre for Industrial Technological Development (CDTI). This study has received financing from the National R&D Plan (Project SEC97-1331).
T HE LACK OF INTERRELATION in
Spain between the research conducted by firms and that which is carried out by public research centres (PRCs) has led to the integration in science and technology policies of instruments which facilitate the articulation of the science-technologyindustry system. This paper centres on the technology policy instrument proyectos concertados, which awards interest-free loans to precompetitive research projects carried out by firms with the participation of at least one PRC research team. The aim is to analyse the success of these projects in stimulating cooperation between firms and PRCs.
Evidence is obtained as to the reasons which explain both that the proyecto concertado makes the firm co-operate with a PRC when it would otherwise have carried out the research alone, and that, after completing the proyecto concertado, the firm continues to collaborate with the participant PRC. To sum up, a study is made of the influence of public intervention on the generation of co-operation and its impact on the continuation of this co-operation. To be more specific, this paper revolves around the following two questions:
· In the absence of public funding, would the firm have carried out the research project with the participation of the PRC? A negative response to this question would indicate that the proyecto concertado has generated co-operation. · Do those firms which have received funding intend to continue to collaborate with the PRCs which participated in the proyectos concertados? Affirmative responses indicate that collaboration will continue without public aid.
To achieve the objective, use is made of the information obtained by Modrego (1995) through a questionnaire that was sent to firms which had undertaken a proyecto concertado from the time they were first introduced until 1993. This survey was commissioned by the Centre of Industrial Technological Development (CDTI), which is the public agency that manages the proyectos concertados. Bearing in mind that the answers are categorical, the method used in this article consists of estimating ordered probit models which explain the answers from firms to the two questions.
The main conclusion is that proyectos concertados have encouraged co-operation between firms and PRCs, and that this co-operation has been continued after the end of the research projects in the cases for which information from the survey is available. This suggests that proyectos concertados as a science policy tool has been effective. This paper identifies the factors which influence the generation of co-operation and continuation, and its importance is quantified. In addition to other factors, the paper analyses: the impact of the size of the firm; its co-operative research experience;, the reasons which have led firms to co-operate; their difficulties in financing research projects; and any problems which may have arisen during the joint research project.
The paper is organised as follows: the main public actions in Spain to foster collaboration between firms and PRCs are summarised, including the proyectos concertados. Then the survey is described and the data used to estimate the models are presented. The results obtained from the estimations are analysed and finally some conclusions are offered.
Public policies for co-operative research
The National R&D Plan sets the priorities for action, programmes the resources available and integrates activities in R&D in the productive sectors, research organisms and universities. It was adopted in 1988: since then, the Spanish Government has used a set of instruments to promote communication and concerted action between universities and public research organisms and firms. These actions are basically: are also oriented towards improving the articulation of the science and technology system. Proyectos concertados attempt to foster collaboration by firms and PRCs in precompetitive research projects. Co-operative projects fund collaboration between firms and technological centres. · The link between firms and PRCs extends to the exchange of personnel. Worth mentioning are the grants for writing a doctoral thesis in firms and mechanisms to incorporate doctors into firms.
In addition to the National R&D Plan, the Centre of Industrial Technological Development (CDTI) has been created. This is a public agency which administers most of the public funds devoted to facilitating business innovation in Spain. In fact, its proximity to the business world has led it to manage the concerted and co-operative projects. The CDTI also plays an active role in the promotion of co-operative research, especially between firms. Proyectos concertados are an important instrument among the various public activities to promote cooperative research. Table 1 provides information on the resources used in 1997 by the PETRI, proyectos concertados and co-operative projects. It shows that the proyectos concertados represent 68.6% of the total projects' budgets and 66.6% of the public funding.
Research design

Sample characteristics and data collection
This paper uses the data provided by a survey carried out by Modrego (1995) , which was commissioned by the CDTI to assess the proyectos concertados. 2 For this survey, the CDTI's administrative database was used. The information supplied is about Spanish firms that participate in the proyectos concertados with at least one PRC. After analysis of the data about the companies involved, a questionnaire was designed to gather additional qualitative and perceptual information.
In the development of the survey, a pilot questionnaire was initially sent to ten companies to help validate the questions. The final version of the questionnaire along with a letter of presentation of CDTI, which encouraged the responses, was sent by mail. The questionnaire was personalised and even some of its data were filled in according to CDTI's database, asking companies to review them for accuracy. The form was distributed among 317 firms which had applied for a total of 496 proyectos concertados during the period 1988 to 1993.
After a reasonable length of time for the receipt of answers, a follow up letter, together with a new copy of the questionnaire was sent to approximately 70% of the sample of projects. This second mailing was reinforced with telephone calls that also helped to solve the problem of 'no answer' to some of the questions. In the end, 118 companies responded to the questionnaire, which resulted in information on a total of 281 projects, 56.65% of the project sample.
Co-operation and continuation
The survey by Modrego (1995) is wide-ranging, and the information which seems relevant to explain the generation of co-operation and continuation has been singled out. The variables used in the estimation of the models are presented here. Tables 2 and 3 show the frequency of response of firms to the two questions which constitute the subject of this article. The answers are on a scale of values from 'improbable' to 'highly probable', through 'not very probable ' and 'probable'. The proyectos concertados have proved to encourage co-operation in 183 cases, this effect being especially important in the 50 projects in which co-operation would otherwise have been improbable. Since the answer 'very probable' was only given in 26 cases, it was decided to merge it with the 'probable' category. 3 The prolongation of co-operation is also considered since, except in 37 projects in which a continuing link with the PRC would be improbable or not very probable (10 gave the answer 'improbable'), the firms express their intention to continue co-operating.
The estimation of the effect that the characteristics of the firms and the projects have on the firms' two answers is made through an ordered probit model for each of the dependent variables (COS and COP).
To explain whether public aid has generated co-operation with PRCs or, on the contrary, the cooperation would have taken place anyway, it is necessary to determine the motives which move the firm to carry out the project jointly. In the absence of public intervention, the firm will only choose to carry out the project in co-operation if the advantages of doing so are greater than the disadvantages.
Advantages are cost reduction, access to installations or qualifications not available within the firm, and so on. 4 Disadvantages include cultural barriers, disparity between firms and PRCs in the orientation of the research, the perception within the firm that the university researchers do not understand the
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Promotion of co-operative research To explain whether public aid has generated co-operation with public research centres or, on the contrary, the co-operation would have taken place anyway, it is necessary to determine the motives behind the firm carrying out the project jointly necessities of industry or that they do not have the appropriate skills, patent policies, difficulties in the protection of publication rights, and so on. 5 When firms have access to proyectos concertados, two possibilities exist:
· If the firm was willing to co-operate even without the proyecto concertado, it will be interested in public funding if its advantages in terms of financial saving compensate for the disadvantages which contact with the public agency may mean (in terms of the application of the project and its monitoring). · If the firm had decided not to co-operate, the advantages of the proyecto concertado would have to be sufficient to compensate also for the disadvantages of collaboration with a PRC. When looking at the behaviour of firms, it must be remembered that it is not always possible to carry out a project without public resources. So, the provision of funds from the proyecto concertado (involving cooperation with PRCs) may lead firms which would otherwise have preferred to conduct research alone to carry it out in co-operation, otherwise they may have been unable to carry it out at all because of financial constraints. In these cases, the benefits of the proyecto concertado do not compensate for the disadvantages of co-operation, but the evaluation of the project is positive, that is to say, the firm would rather undertake it even in collaboration. 6 To explain the firms' response as to whether or not they would have collaborated with PRCs in the absence of a proyecto concertado, it is therefore necessary to introduce variables which cover the importance of the PRC contribution to the project in question, the previous experience of the firm in cooperating with PRCs and the problems faced in financing research projects. The reasons why cooperation is not especially desirable for the firm, as well as the financial problems, mean that the firm tends to respond that it would not have collaborated if it were not for the proyecto concertado. Since the sample of projects available only includes those which have been carried out in co-operation and with the aid of a proyecto concertado, in every case the benefits of the proyecto concertado (presumably associated with favourable financial terms) compensate for the possible disadvantages of co-operation.
Generation of co-operation
Starting with the first equation about the generation of co-operation, the undertaking of the project with PRC intervention without the aid of a proyecto concertado depends, in the first place, on the characteristics of the firm (Table 4) . These characteristics have been included through dummy variables which indicate the firms' size, measured by number of staff, and two variables, also dichotomic, which indicate whether or not the firm had previously carried out a proyecto concertado and whether it had previously maintained any links with PRCs (contracted research, participation in PETRI activities, joint participation in national R&D programmes, joint participation in European R&D programmes, and so on).
From the information contained in Table 4 , it can be deduced that, in 35% of the projects, the firms had previously carried out proyectos concertados and 39% of firms indicated the existence of another type of link. For the other 26%, the proyecto concertado was their first experience of collaboration with PRCs.
Secondly, the intervention of PRC researchers is made dependent on the characteristics of the research conducted (Table 5) , particularly on the degree to which the public-sector research work is necessary (or more important). Furthermore, in this case, the expectations the firm had with regard to the joint work with the PRC are important.
The first variable is the importance the firm gives to the PRC's participation as regards the viability of the project which, although it refers to an ex post facto opinion, may have been anticipated at the project's outset. This is a dummy variable which takes on the value 1 when it is considered probable or very probable that the project would have been viable in the absence of PRC participation. The responses suggest that 48% of projects would not have been feasible without co-operation.
The motives which have led firms to co-operate and the specific contributions made by the PRCs have also been taken into account. In both cases it is usual to mention more than one, as shown by the frequency of answers in Table 5 .
In more than half the questionnaires co-operation with the PRC is justified by the acquisition of experience or knowledge (MC1), monitoring of technological or scientific advances in specific fields (MC2), access to specialities or qualifications not available within the firm (MC3) and access to research 340
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Promotion of co-operative research The third group of variables refers to the financing needs of the firm, which in some cases may lead it to accept a co-operative venture which it would not otherwise have wanted or which, in other cases, explains the establishment of a collaboration which it was not possible to finance. As well as the three dichotomic variables which appear in Table 6, the variable MC6  from Table 5 provides similar information.
While the variables from Table 6 show the additional nature of the public funds (whether the funding leads firms to carry out projects which they would not have been able to finance (62%) or to carry them out sooner (51%) or with more resources (60%)), variable MC6 may refer to those firms which would have carried out the project on their own (they could have financed it), but preferred to co-operate in order to receive the favourable terms of financing (35%). These firms, then, are more interested in the reduction in costs than in the funds themselves (or at least they are able to finance the project by other means).
Between 1988 and 1999, the National Plan prioritised R&D activities in specific technological areas known as national programmes. 7 A group of dummy variables have been included which cover the different national programmes (Table 7) in which the proyectos concertados may be included.
Lastly, taking into account that some firms carry out more than one proyecto concertado and that, consequently, they have answered more than one questionnaire, the dummy variable NC has been added, which takes a value 1 in 155 cases.
Generation of continuation
This paper also explores whether, after a proyecto concertado, the firms wish to continue co-operating with the participant PRC. The reasons which explain continued co-operation are similar to those put forward in answer to the first question. On the one hand, firms will tend to continue co-operating if their
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Information and Communication Technologies 26
Note: a This is the dummy variable excluded from the estimated equations evaluation of the work carried out in conjunction with PRCs is positive in general and, even more importantly, if the specific contribution of the participant PRC is of interest. On the other hand, if the motive behind cooperation was to receive the financing for a proyecto concertado, we would expect co-operation to end as soon as funding is withdrawn. Of course, the situation is now somewhat altered because of the firm's experience during the proyecto concertado. As a consequence, the relevant factors when it comes to explaining the firm's initial decision must now include those factors which provide information about the firm's degree of satisfaction with the work in conjunction with the PRC, which may lead it to maintain a sustained relationship. 8 In the equation explaining the persistence of co-operation, the same variables have been introduced which are used to explain co-operation in the absence of proyectos concertados: 9 information has been added about the difficulties which the project has had to face because of the relationship between the firm and the PRC, and about the project's success. It must be noted that the firms' evaluation of co-operation is predominantly positive. The frequency with which difficulties are said to have arisen is low, as can be seen in Table 8 , especially if it is taken into account that the firm may mention more than one difficulty.
Most frequently cited difficulties (22% approximately) are lack of interest from the PRC team in the project or breach of deadlines by the PRC (DC5), and formal and bureaucratic requirements in the cooperation agreements (DC7). Higher costs than would have been incurred had the firm carried out the project alone (DC2), lack of resources in the firm (DC3), co-ordination problems between firm and PRC (DC4), and cultural barriers between firm and PRC (DC6) are difficulties cited in 10% of the questionnaires. In only 5% of projects were there problems caused by the lack of technical/scientific competence within the PRC team (DC1), or lack of confidentiality of the results (DC8), or problems relating to intellectual/industrial property rights (DC9).
The dichotomic variable EXPA is also included, indicating the degree to which the firm's expectations have been met. It is worth noting that in 224 cases (79.7%) the degree of satisfaction was 'very high'.
Results
The following two subsections show the results from the estimation of the models to analyse the answers to the two questions central to this paper. Since variables COS and COP are split in to categories, two ordered probit models have been estimated.
Before explaining the results, it is necessary to point out that the firms' answers to the questions relative to the generation of co-operation and its continuation may be related or, to put it another way, there may be unobserved factors which simultaneously affect the firms' decision to co-operate without a proyecto concertado and to continue collaborating with the same PRC after the project. For this reason, a bivariate probit model was estimated. To do this the response categories to each question have been grouped together into just two.
The results obtained are very similar, at least 342
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The firms' evaluation of co-operation is predominantly positive: the frequency with which difficulties are said to have arisen is low, especially if it is taken into account that the firm may mention more than one difficulty qualitatively, to those of the ordered probits. Furthermore, the parameter which measures the correlation between the perturbations of both equations, is not significant. We could deduce from this that the unobserved effects on the generation of R&D do not influence continuation (and vice-versa) . As a consequence, the estimations of the two ordered probits considered individually appear to be adequate.
Generation of co-operation
The results of the ordered probit which explains to what degree the firm would have co-operated with a PRC in the absence of a proyecto concertado are shown in Table 9 . There are no differences to be seen in the responses according to the size of the firm, except that those with a staff of between 101 and 500 employees (P3) tend to co-operate more without a project than the rest. Neither the existence of previous experience in co-operation, whether in the context of a proyecto concertado (PCS) or any other type of relationship (COLNPC), nor the contribution of the PRC to the project's viability (FACA) influences the decision to carry out the project in conjunction with a PRC.
The most important reasons for co-operation are access to qualifications which are not available within the firm (MC3), access to infrastructures (MC4) and, to a lesser extent, the acquisition of experience or knowledge (MC1). Monitoring technological or scientific advances in specific areas (MC2) does not appear to be a motive for co-operation in the absence of public intervention. With regard to the PRCs' contribution, only when there are prototypes or pilot plants (APC7) does co-operation tend to take place without the proyecto concertado.
Considering the effect of public financing, it can be seen that those firms which have carried out the project thanks to public intervention (EF1) or, at least, have started it earlier than they would have otherwise (EF3), would not have co-operated without the project. These results are perhaps due, not to firms' lack of interest in co-operation, but to this co-operation not being established because the project would not have been undertaken. This might be the reason why those firms which indicate that the proyecto concertado meant the research enjoyed more resources do not tend to co-operate more when awarded a proyecto concertado (EF2). The firms which claim that the reason for co-operation is the fulfilment of the programme's conditions to receive funding (MC6) logically show less interest in co-operation without public intervention.
None of the dummy variables which cover the differential effect of the national programmes in relation to information and communication technologies (TIC) are significant. On the other hand, firms which have answered more than one questionnaire would have co-operated with a PRC more frequently than those which have only answered one.
Finally, the parameter m (1) of the ordered probit is positive and very significant, indicating that when the latent variable which measures the firms' interest in co-operation in the absence of a proyecto concertado is over the value 1.64, firms state that the project would probably or very probably have been carried out without the proyecto concertado.
The ordered models raise difficulties when it comes to interpreting the effect of changes in the dependent variables on each of the probabilities of response, since in the immediate response categoriesin this case the answer 'not very probable' -a certain amount of ambiguity arises in relation to their sign (see, for example, Greene, 1991, pages 672-676) . To
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Promotion of co-operative research get an idea of the effect of any of the dummy variables which are used as independent variables taking on the value 0 to 1, a calculation was made of the variations in the probabilities of each response in the face of changes in all the variables when the rest of the independent variables adopt their average value in the sample. Table 10 gives the effect of the most significant variables on the probabilities of each response from the representative firm (with average characteristics), showing that if, for example, the parameter of the variable which is altered is positive, the probabilities of the firm indicating that co-operation without a proyecto concertado was 'improbable' or 'not very probable' are lower, whereas the probability of the response being 'probable' or 'very probable' rises.
Continuation of co-operation
The estimation of the ordered probit which explains the continuation of co-operation established between firms and PRCs which have participated in proyectos concertados has resulted in a model which correctly predicts 59% of the responses (Table 11 ). Firms' intentions with respect to the maintenance of established relationships do not depend in any significant way on their size.
On the other hand, those which had previously carried out proyectos concertados (PCS) show a greater willingness to continue the relationship, as do those which had other types of links (COLNPC). In this second case, the effect is not significant, which may be logical if we take into account the diversity of relationships which could fall into this category (contracted research, joint participation in national or European R&D programmes, and so on).
It can be seen that the firms which claim that the project would have been viable without the necessity of co-operation (FACA) tend to be less interested in continuing to co-operate with the PRC. Furthermore, the acquisition of experience or knowledge (MC1) or the access to research infrastructures not available within the firm (MC4) lead firms to maintain links with the PRC, as does the lower cost for the firms in 344
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Promotion of co-operative research carrying out the project (MC5), although this is not as significant. However, the relationship tends not to be sustained when the reason behind co-operation is to be up-to-date on the latest technological or scientific advances in specific areas (MC2). The PRCs' contributions which lead to a continuation of co-operation are 'new methods or techniques' (APC1) and 'designs' (APC3), while the rest are not significant. With regard to the role played by the proyectos concertados' funding, only those firms which carry out the project thanks to this funding (EF1) show less interest in subsequent co-operation. The most noteworthy is that this effect is not produced if the public aid brought the project forward or enabled it to enjoy more resources (EF2 and EF3), nor when cooperation had been established because it is a requirement for receiving funding (MC6).
The national programme does not influence the firms' responses, although the pharmaceutical R&D projects (FAR) tend to be associated with greater continuation of co-operation. Also the firms which have answered more than one questionnaire indicate a slightly above-average level of continuation, although the effect is not very significant.
The influence of the proyecto concertado itself upon subsequent co-operation is positive when the firms consider that the results of the project have had a high degree of coincidence with their expectations (224 cases). In contrast, it is negative when coordination problems have appeared which have got in the way of the achievement of the results of the project (DL3) and, also, when a lack of resources on the part of the firm (DC3) or the existence of cultural barriers between the firm and the PRC (DC6) are indicated. What is not explained is that the existence of problems with the confidentiality of results (DC8) has a positive effect on the continuation of co-operation. Perhaps this is because of the limited number of times this is mentioned (18 times).
Finally, the parameter m (1), which gives the value of the latent variable from which continuation becomes 'very probable' as opposed to 'probable', is positive and highly significant. Table 12 shows the variation, in the face of changes in the most significant dummy variables, of the probability of firms' responses to whether they intend to continue co-operating with the PRC once the proyecto concertado ends. If the parameter of the variable which is altered is positive, the probability that the firm will answer 'improbable' or 'not very probable' has to decrease, while the probability of it answering 'very probable' increases. In the first instance, the effect on the probability of the answer being 'probable' is ambiguous.
In general, in the estimated model, the effect is negative, but when the firm describes the fulfilment of its expectations as being 'very high', the probability of continuation being 'probable' increases. If the reasons for co-operation are access to specialities or acquisition of experience of knowledge (MC1) and the access to infrastructures (MC4) the probability of the answer being 'probable' is unaltered.
Conclusions
The objective of this paper was to determine whether the proyectos concertados have been a useful instrument in the generation of co-operation between firms and public research centres and whether collaboration with the participant PRC continues after the public financing ends.
Firms' answers indicate that, indeed, the proyectos concertados have often allowed the setting up of contacts between firms and PRCs which would not otherwise have existed. In accordance with the results obtained in the first ordered probit model, where the causes of this co-operation are analysed, it is observed that, in part, collaboration may have been established with firms which are used to carrying out joint R&D activities with PRCs, but that in the particular project in question they do so only because of the public intervention (variables PCS and COLNPC).
In other cases, firms which would have liked to co-operate, but which found it difficult to gather the necessary resources to embark on the project, have been able to do so thanks to the proyecto concertado (as indicated by the parameters of variables EF1 and EF3). Lastly, firms which did not wish to co-operate have been obliged to do so in order to receive the public funding (MC6).
The existence of these three different attitudes towards relationships with PRCs makes it impossible to carry out just one diagnosis of the usefulness of the public intervention. Thus, the necessity to support the first group of firms does not seem clear, since cooperation may be forced when it is not necessary in a particular project. In addition, even though attitudes
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